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Abstract: To elucidate the histological findings of the anlage of the mandibular condyle during
very early developmental stages, we analyzed sagittal and frontal plane serial sections of mouse fe-
tuses for which the gestational period was precisely determined. An aggregate of mesenchymal
cells around the buccal nerve (peripheral cell aggregate) could be seen at 12.0 days post-conception
(dpc). Another cell aggregate (core cell aggregate), which almost coincided with the outline of the
condylar head, was detected on the inside of the dome-shaped peripheral cell aggregate at 12.75
dpc. The cells of the peripheral cell aggregate were gradually flattened in accordance with cell dif-
ferentiation, and formed a fibrous sheath covering the condylar head by 15.0 dpc. The cells of the
central region of the core cell aggregate differentiated into hypertrophic chondrocytes by 14.5 dpc,
whereas the cells of the fringe of the core cell aggregate differentiated into osteogenic cells to form
the bone collar by 15.0 dpc. The continuity of the anlage of the condyle with that of the mandibular
ramus was first recognized at 13.0 dpc. As the anlage of the mandibular condyle was observed his-
tologically during very early developmental stages, further research is necessary to characterize
the development of this anlage in greater detail.
Key words: temporomandibular joint, anlage, mandibular condylar cartilage, core cell aggregate,
           peripheral cell aggregate
Introduction sophisticated surgical methods ofjoint reconstruc-
  The reconstruction of a temporomandibular tion. Regeneratingtissuetechnologiesmighthelp
joint (TMJ) functionally and morphologically is by to overcome these difficulties. An important first
no means an easy task, even with modern and step in the development of such an approach is to
 Received 6/8/lo;revised s/3o/lo;accepted g12/lo. inVeStigate the mechanisms of TMJ development
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DentalUniversity(NDUF-09-20)• . It is well known that the craniofacial skeleton
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Life Dentistry at Niigata, 1-8 Hamaura-cho, Chuo'ku, Niigata 951' which 'is derived from the neural crest. The man-
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from secondary cartilagei-5 and distinguished from phate buffer (pH 7.4) for 16-24 h depending on the
the other long bones6 that are derived from the developmental stage. Each paraffin-embedded
 mesoderm, although both anlages are ossified by specimen was serially sectioned (5 ptm thick). The
the same mechanism, namely, endochondral bone sagittal sections were obtained from the right
formation. Although many scientific papers head, and the frontal sections were from the
describe the development of the mandibulaT con- remaining left head. More than 200 sections from
 dylar cartilage, there are none that histologically the sagittal and frontal planes of each fetus were
describe the anlage during the very early stages of obtained and stained with hematoxylin and eosin,
TMJ development. Studying the development of and then analyzed sequentially under a micro-
the TMJ will not only clarify the etiology of con- scope (MICROPHOT-FXA; Nikon, Tokyo, Japan).
genital disorders but also yield many important The most suitab]e sections were selected for pho-
findings for the use of stem cells as tools for regen- tomicrographs, which were taken using a digital
eration. camera system (DS-Ril-U; Nikon, Tokyo, Japan).
  Our previous histological investigations of the This experiment was approved by the Animal
rat TMJ (more correctly speaking, the squamoso- Experiment Ethics Committee of the Nippon Den-
mandibular joint in murine models7'8) demon- tal University, School of Life Dentistry at Niigata
strated that examining histological changes over (No. 35). -
one day is not sufficient for accurately characteriz-
ing its development9'iO. It is therefore necessary to Results
obtain findings within one day, such as every half The condyle and the glenoid fossa (a part of the
or even quarter day, during the early stages of squamosal bone) developed individually, and the
development. The aim of the present investiga- upper joint space developed between them. The
tion was to elucidate the definite histological find- craniofacial skeleton was not observed at 12.0 dpc,
ings of the developing anlage of the mandibular but the trigeminal ganglion and the trigeminal
condyle in the mouse by observing the changes nerve could already be detected. At this stage we
withinonedayandpreciselymeasuringthegesta- also observed a mesenchymal cell aggregate
tionalperiod. around the buccal nerve with an anlage of the
                                                    auditory ossicle located posterior to it (Fig. 1).
Materials and Methods The anlage of the mandibular body lateral to
  The present investigation was designed to Meckel's cartilage and to the infra-alveolar nerve
obtain histological findings on the anlage of the was observed as a dependent mesenchymal cell
mandibular condyle during the early stages of aggregate at 12.25 dpc (Fig. 2). This anlage grew
development using fetuses of the ICR mouse graduallyintheproximaldirectionofthemandib-
strain (Charles River Japan Inc., Kanagawa, ularprocess,untilthemandibularramuswasrec-
Japan). The mating time was restricted to 2 h to ognized at 13.0 dpc.
measure the precise gestational period, expressed At 12.75 dpc, a posterior part of the cell aggre-
as days post-conception (dpc). The gestational gate around the buccal nerve rearranged itself to
period was measured from the midpoint of the form a dome-shaped structure, and another cell
matingtime. aggregate composed of primitive mesenchymal
  The fetuses were obtained by sacrificing preg- cells emerged inside this structure, which almost
nant miee every 6 h between 12.0 and 14.0 dpc, coincided with the outline of the condylar head.
and every 12 h thereafter up to 16.0 dpc, using a The anlage of the mandibular condyle consisted of
peritoneal injection ofan overdose ofpentobarbital these two cell aggregates. For convenience, the
(Dainippon-Seiyaku, Osaka, Japan). At least 2 dome-shaped outer structure is designated as the
fetuses from different dams were studied for each peripheral cell aggregate, and the newly formed
gestational period. The fetuses were immediately inner cell aggregate is designated as the core cell
immersed in 40/o paraformaldehyde in O.1 M phos- aggregate (Fig. 3).
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  The continuity between the anlage of the man- condylar head by 15.0 dpc, which is later divided
dibular condyle and that of the mandibular ramus from the condylar head to form the articular disc
was recognized at 13.0 dpc (Fig. 4). At this stage, at 18.0 dpc (data not shown).
the craniofacial skeleton was observed, and the Most of the components of the TMJ were clearly
glenoid fossa could be discriminated as a part of observed by 16.0 dpc (Fig. 7). Endochondral bone
the squamosal bone. The core cell aggregate could formation in the central region of the core cell
be divided into two parts, the central region and aggregate and intramembranous bone formation
the fringe. As the central region was character- ofthe bone collar had developed.
ized by cells with a larger nucleus than those of
the fringe, the former appeared to consist of pre- Discussion
cursor cells for chondrocytes, and the latter still In this investigation, mating time was restricted
consisted of primitive mesenchymal cells. On the to 2 h to allow us to accurately obtain findings of
other hand, the cells of the peripheral cell aggre- the anlage of the mouse TMJ every 6 h during its
gatebecame flattened. very early development. Miyake et al.3 reported
  Thereafter, the central region of the core cell that in their study, although mating time was lim-
aggregate became enlarged, and the cytoplasm ited to 2 h to obtain an accurate gestational
and the extracellular matrix (ECM) were formed. period, there were still slight differences among
It was obvious that the cells were differentiating mouse fetuses with the same gestational period.
until the hypertrophic chondrocytes were observed It is possible that such slight differences were
at 14.5 dpc. The cells of the fringe of the core cell overlooked in this investigation because our find-
aggregate were forming the bone collar by means ings were clearly consistent with the time process.
of intramembranous bone formation at 15.0 dpc. Shibata et al.ii reported that the condensation
The cells of the peripheral cell aggregate were of monotonous mesenchymal cells as an anlage of
more flattened andresembledfibroblasts (Fig. 5). the mandibular condyle was first recognized in
  In the central region of the core cell aggregate, 13.0 dpc mouse fetuses. We detected that the
the ECM of the cartilage was formed by 15.0 dpc anlage of the mandibular condyle consisted of two
and had a sheet-like appearance. At the same kinds ofcell aggregate in 12.75 dpc mouse fetuses.
time, in the area underneath the zone of the We designatedthesetwokindsofcellaggregateas
hypertrophic chondrocytes, endochondralbone for- the peripheral cell aggregate and the core cell
mation had begun (Fig. 6). The peripheral cell aggregate, and these are different from the
aggregate became a fibrous sheath covering the periphery and the core of the anlage of the long
Fig. 1 12.0 days post-conception (dpc), photomicrograph of a sagittal section of the right head (Å~ 4). An aggregate of mesenchy-
      mal cells (P) around the buccal nerve (arrow). G: trigeminal ganglion, O: oral cavity.
Fig. 2 12.25 dpc, a sagittal section of the right head (Å~10). The mesenchymal cell aggregate of the anlage of the mandibular
      body (Mb) is shown. Arrow indicates the infra-alveolar nerve. M: Meckel's cartilage, O : oral cavity.
Fig. 3 12.75 dpc, a sagittal section of the right head(Å~ 10).A posterior part of the peripheral eell aggregate (P) differentiates to
      form a dome-shaped strueture close to the buccal nerve (arrows). The core cell aggregate (C) emerged inside the dome-
      shaped peripheral cell aggregate. G : trigeminal ganglion, M : posterior end of Meckel's cartilage.
Fig. 4 13.0 dpc, a frontal section of the left head (view from the rear, Å~10). Continuity of the eore cell aggregate (C) with the
      anlage of the mandibular ramus (Mr) is shown. The anlage of the glenoid fossa (F) is observed. The upper joint space (S)
      is discernible. M: Meckel's cartilage, Nm: mandibular nerve, P: peripheral cell aggregate.
Fig. 5 14.0 dpc, a sagittal section of the right head (Å~ 10). The cytoplasm of the cells in the central region of the core cell aggre-
      gate (C) is evident. F: glenoid fossa, P: peripheral cell aggregate, S: upper joint space.
Fig. 6 15.0 dpc, a frontal section of the left head (view from the rear, Å~ 10). Endochondral bone formation at the lowermost re-
      gion of the hypertrophic chondrocytes is shown. The peripheral cell aggregate (P) becomes a fibrous sheath covering the
      condylar head (C). Intramembranous bone formation of the glenoid fossa (F) and of the bone collar of the condyle (arrow)
      is shown. M: Meckel's cartilage.
Fig. 7 16.0 dpc, a frontal section of the left head (view from the rear, Å~ 10). The upper joint space (S) is cavitating. C:condylar
      head originating from the core cell aggregate, F: glenoid fossa, G: trigeminal ganglion, LP: lateTal pterygoid muscle, M:
      Meckel's cartilage, P: fibrous sheath from the peripheral cell aggregate.
70 Oral Science lnternational Vol. 7, No.2
bonesi2. The peripheral cell aggregate observed in bone, whereas the cells of the central region of the
the present investigation became a fibrous sheath core cell aggregate differentiate into cartilage.
covering the condylar head at 15.0 dpc, and then However, the present investigation could n'ot
dividedfromthecondylarheadtoformthearticu- determine whether these mesenchymal cells
lar disc at 18.0 dpc (data not shown). The core cell become secondary cartilagei5-i7.
aggregate observed in this investigation appears It has been generally believed that the condylar
to involve not only the core itself but also the cartilage is divided into five layers:a fibrous cell
periphery of the long bones. Moreover, the core layer, a proliferative cell layer, a transitional cell
cell aggregate was divided into two regions, the layer, a maturative 'cell layer, and a hypertrophic
central region and the fringe. The fringe appears cell layer, according to cellular morphology and
to be equal to the periphery of the long bones that the stages of differentiation2'`'5. The peripheral
differentiates into osteoblasts and forms the bone cell aggregate observed in the present investiga-
collar. The central region appears to be equal to tion appears to be equal to the fibrous cell layer,
the core of the long bones that differentiates into and appears to form the fibrous sheath covering
hypertrophic chondrocytes and where the endo- the condylar head and the articular disc9•'O. The
chondral bone formation occurs. other four layers are generated from the core cell
  There has been some controversy regarding aggregate that includes the fringe and the central
whether the mandibular condyle is derived fropL region. The results of this investigation show that
the posterior region of morphogenetic cells in the these four layers of the anlage of the mandibular
mandibular body, which has already been pro- condyledonothaveacommonoriginaspreviously
grammed2•'i, or from undifferentiated mesenchy- hypothesized.
mal cellsi3. The present investigation demon- The present investigation, usingaconventional
strated that continuity was first observed at 13.0 method, revealed the definite histology of the
dpc. However, our findings by no means indicate anlage of the mouse TMJ during very early devel-
the dependent origins of these structures, for it opmental stages. The anlage of the mandibular
could be considered that these mesenchymal cells condyle was composed of two cell aggregates, the
are already committed to a local specific differenti- peripheral cell aggregate and the core cell aggre-
ation program that does not express the pheno- gate. Moreover, the core cell,aggregate was
typic changes of the cells at some early stage of divided into two parts, the central region and the
development. fringe. Agreat deal of research is still required to
  'Previous studies have noted that secondary characterize the development ofthis anlage using
chondrocytes rapidly differentiate into hypertro- immunohlstological and cellular and molecular
phic chondrocytes and have a short life spani'2. biological methods.
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